INTRODUCTION
Arid and semi-arid regions experience long periods of drought, affecting the availability of food for livestock and causing low production performance, economic loss and possibly even death of the animals (SALEM, 2010) . The northeast region of Brazil presents a mostly semi-arid climate, characterized by low rainfall, high solar radiation rates and scarce water sources. The predominant native vegetation is the Caatinga, which generally presents low support capacity (SC) and low biomass production when compared to cultivated pastures (OLIVEIRA et al., 2015) . In this context, the use of forage conservation in the form of pasture, green forage, hay or silage becomes an indispensable practice in periods of food shortage (MOREIRA et al., 2007) . Sorghum (Sorghum bicolor L.) is economically important in agricultural production systems, as it has favorable cultivation characteristics. It is a crop with high potential for use in arid and semi-arid regions, displaying a high efficiency of rainwater use (ERU), high biomass production, and a high tolerance to salinity and soils with hydric deficiency. Moreover, it can be cultivated for various purposes, i.e., grains and forage (PATERSON, 2008; GETACHEW et al., 2016) . Studies show that agronomic trials allow distinguishing genetic materials with potential for genetic selection and breeding of the crop, which can increase production and productivity (CYSNE & PITOMBEIRA, 2012; ELIAS et al., 2016) . Identifying promising sorghum genotypes requires research focused on the crop's morphological and structural adaptive characteristics that correlate positively with its forage mass production (CASTRO et al., 2015) . In this way, sorghum genetic materials can be generated that are more adapted to the environmental conditions of the cultivation region. Considering animal feeding in semi-arid regions of the Brazilian northeast, it is necessary to evaluate any new genotypes developed so that rural producers can be provided with the genetic material and technical information for the use of sorghum in the production system (CYSNE & PITOMBEIRA, 2012; CASTRO et al., 2015; MARTINS, 2015; SHER et al., 2016) . Thus, it was hypothesized that when evaluating the morphometric and productive characteristics of sorghum genotypes in semi-arid conditions, it would be possible to identify at least one or more genotypes with the potential to be indicated for cultivation. The objective of this study was to quantify forage yield, efficiency of rainwater use, agronomic characteristics and support capacity of 14 sorghum genotypes, for forage production in the Brazilian semi-arid region.
MATERIAL AND METHODS
The experiment was carried out from May to July 2016 at the Benjamin Harvesting was performed when the grains reached a milky/pasty stage. The duration of the cycle was 80 days. Figure 1 shows the rainfall data distributed by 5-day intervals. The total accumulation of rainfall during the sorghum cycle in the present study, from the planting day to harvest, was 114.7 mm.
The evaluated characteristics were dry matter (DM, %), organic matter (OM, %), plant height (PH, m), quantifiable number of live leaves (NLL), fresh matter production (FMP, kg/ha), dry matter production (DMP, kg/ha), water accumulation (WA, kg/ha) and efficiency of rainwater use (ERU, kg DM/mm). The material was manually harvested from each plot using a machete, with cutting at ground level. As mentioned above, the material was cut when the grains were at the milky/pasty stage. After cutting, the material was separated and expressed as a percentage of the DM, panicle (PAN), leaf blade (LB), stems (STE) and dead material (DEM), quantifying the weight in kg of each component separately. A subsample of each fraction was dried in an oven with forced ventilation at 65ºC until reaching a constant dry mass weight, to estimate the DM content. From these data, the percentage of each of the plant components was estimated, based on the DM. The fresh matter production per hectare was obtained by the product between fresh mass obtained by linear meter, harvested converted to the total of linear meters/hectare. The dry matter production was estimated by multiplying the fresh matter production by the DM content, being converted to DMP/ha. Figure 1 . Precipitation, average, minimum and maximum temperatures, every five days during the experimental period, Source: Elaborated by the authors
The efficiency of rainwater use for dry matter production, given in kg DM/mm, was estimated by dividing the dry matter production by the amount of rain accumulated during the cycle (114 mm). The water accumulation (kg/ha) by the plants was estimated by the difference between fresh matter production and dry matter production. The support capacity was estimated by mathematical calculations, considering animals confined for 60 days, with a mean live weight of 24 kg, consuming 4% of the live weight of DM, with a 55:45 forageto-concentrate ratio. Data were analyzed for variance, to verify the existence of variability of the agronomic characteristics among the 14 sorghum genotypes. Pearson's correlation analysis was performed to identify associative effects among all variables studied. The objective was to select discriminatory variables for multivariate cluster analysis. Multivariate analyzes were performed to form homogeneous groups among the 14 sorghum genotypes by the Ward method (minimum variance). Accordingly, the mean Euclidean distance was adopted as a measure of dissimilarity with the standardized data, and variables with a relatively higher degree of independence, and with biological importance for animal nutrition and forage production, were used. The results were submitted to analysis of variance and the Scott-Knott test at 5% probability level, using the System of Statistical and Genetic Analysis (SAEG, 2007) . Rev. Bras. Saúde Prod. Anim., Salvador, v.19, n.3, p.256-267 jul./set., 2018 ISSN 1519 9940 http://dx.doi.org/10.1590/S1519-99402018000300003 Table 2 , fresh matter production was positively correlated with dry matter production (significance at 5% and 1%, *, **, respectively) (r = 0.965**), plant height (r = 0.502 **) and efficiency of rainwater use (r = 0.962 **). The water accumulation (r = 0.997 **) was positively correlated with stem (r = 0.132), dead material (r = 0.120) and quantifiable number of live leaves (r = 0.210), and negatively correlated with leaf blade (r = -0.975) and panicle (r = -0.247). The selection of genetic material for characteristics that correlate to the detriment of the selection made from isolated variables. Elucidating how associative effects among these variables interact with each other, is essential to determine the choice of genetic materials that have desirable attributes for forage production. Cunha & Lima (2010) demonstrated that the higher the plant height, the higher its yield in dry matter production; this effect can be reversed when plant height and the number of tillers are reduced. The higher yield of dry matter as plant height increases may be associated with the sensitivity of the sorghum plant in relation to the photoperiod, providing greater stretching between nodes. With the greater development of stems, there is the possibility of increasing the concentration of the fibrous fractions, causing a decrease in forage quality. Probability of significance * (P <0.05); ** (P <0.01). Perazzo et al. (2014) evaluated the agronomic characteristics of 32 sorghum cultivars in the Brazilian semi-arid region and found that dry matter production correlated with fresh matter production (r = 0.8754 **) and plant height (r = 0.61210 **). This effect influences the choice of genetic material with desirable characteristics intended for silage production. The positive correlation of the fresh matter production with the efficiency of rainwater use and water accumulation is a potential way to identify promising genetic materials because the efficiency of rainwater use is associated with the plant's ability to use water to convert to dry matter, and the water accumulation is related to the water concentration present in the vegetable. These characteristics are essential for crops destined to be cultivated in environments with arid and semi-arid climates, low rainfall indices and poorly distributed rainfall, as in the case of semi-arid Brazilian northeast. For the proportions of plant components assessed in the present study, no significant correlation was found between leaf blade, panicle and dead material with the other variables analyzed. For stem, there was a low positive correlation with quantifiable number of live leaves (r = 0.318). Panicle displayed a low positive correlation and several negative correlations with the other variables. For dead material, there were several low correlations, presenting little significance of this variable with the others. This outcome was probably because the components are not associated with the plant population per unit area, although the plant components have a close relationship with height ( VAN BUREN et al., 2015) . Considering the common occurrence of multiple alleles, there should not necessarily be a correlation of these components with the plants height, because the genes that influence the expression of these characteristics are diverse, displaying intralocus or interlocus interactions, causing the allelic interactions to be less prominent (MACE et al., 2009 ). Probably, due to the origin of the genetic material that was used to elaborate these genotypes (forage, saccharin, graniferous and broom), the hybridization of different genetic materials to create new genotypes may influence the predominance of some characteristics, since different interactions may occur between some genes, when crossed (PATERSON, 2008) . To evaluate the discriminatory agronomic characteristics, we used fresh matter production, dry matter production, leaf blade, stem, panicle, dead material, plant height, number of live leaves, efficiency of rainwater use and water accumulation. The results were expressed in the dissimilarity dendrogram (Figure 2) . According to the dendrogram, the hierarchical formation of four groups was observed, considering 20% of dissimilarity. The formation of the groups considered a Euclidean distance of 3.75. The dissimilarity dendrogram (Figure 2 ) demonstrated the existence of variability within each group, indicating that some cultivars may stand out from the others in relation to the agronomic characteristics. Group I was composed of the genotypes SF 15 and BRS 655. Group II was composed of the genotypes P 47216, A1141128A, FEPAGRO 17, 13 F039, 13 F05, 13 F02 and C947072. Group III was formed by cultivars PONTA NEGRA, BRS 506 and 13 F04. Group IV comprised the cultivar FEPAGRO 18. There were differences (P<0.05) between the sorghum genotypes evaluated (Table  3 ). The percentage of dry matter varied from 21.05 to 24.74% for the genotypes PONTA NEGRA and SF15, respectively, presenting a general average of 23.03% DM. Quantification of the dry matter content of a particular food is essential since it is the basis on which diets to be offered to the animals are calculated. Such information informs the concentration of the nutrients and enables identifying the optimum level to meet the nutritional requirements of animals, for maintenance, weight gain, gestation and milk production, for example (HARPER et al., 2017) . The dry matter content tends to increase due to the maturity of the crop, as well as to the suitability of the genetic material. Usually, medium-sized and doublepurpose cultivars tend to present an early cycle and a comparatively higher dry matter content, mainly due to the relatively higher panicle participation (PERAZZO et al., 2013 The authors attributed this result to the genetic material from which the cultivars were used, since each variety of sorghum has a certain aptitude, regarding grain production and fodder. However, when cultivars are crossed with each other, the created hybrids will express characteristics of both parties that gave rise to them and, especially, those features with a relatively greater degree of dominance.
RESULTS AND DISCUSSION

According to
The fresh matter production varied among the evaluated genotypes (P<0.05), ranging from 12,005 to 48,517 kg/ha, for the FEPAGRO 18 and BRS 655 genotypes, respectively (Table 3 ). The fresh matter production represents one of the several evaluation parameters in crop genetic improvement programs, since knowing the fresh matter production potential of a given culture influences the feeding of ruminant animals, directly, mainly as a source of bulking (ELIAS et al., 2016) . The cultivation environment directly impacts on the productive response of a crop, so the sorghum culture was influenced by the edaphoclimatic conditions of the cultivation environment. It is believed that a probable cause of the low fresh matter production was the water deficit that the crop underwent during the cultivation period. As Figure 1 shows, more than 58% of the total rainfall occurred in the first 5 days after sowing, whereas, in the last 20 days before harvesting, only 9.10 mm of rain fell. Similar results were obtained by Silva et al. (2011) , evaluating the agronomic potential of 25 sorghum hybrids for silage production. In that study, the fresh matter production values were 22,529.79 to 44,629 kg/ha, during 113 days of cultivation with 466.84 mm of rainfall. In comparison to the current results, Cunha & Lima (2010) verified marked differences in the characteristics (P<0.05) of 29 genotypes of forage sorghum in the state of Rio Grande do Norte, Brazil. Among the several attributes evaluated, the authors found the fresh matter production average ranged from 45,333 to 68,100 kg/ha. The same authors demonstrated positive genotypic correlations of high magnitude (greater than 0.70) between fresh matter production and dry matter. Santos & Granjeiro (2013) documented variations in the fresh matter production of sorghum and forage sorghum cultivars grown in Brazilian semi-arid conditions, with values in the order of 13,100 to 33,670 kg/ha, for the cultivars IPA 1011 and PONTA NEGRA, respectively. The current work revealed an effect of the genotype (P<0.05) on dry matter production, which varied from 2,900 to 12,426 kg/ha, for FEPAGRO 18 and BRS 655, respectively. These results were probably influenced by the origins and, hence, different features of the genetic materials that were used. The climatic factor was also influential, as during the experimental period, a rainfall of only 114.7 mm occurred ( Figure 1 ). Knowing the dry matter production potential of a crop is essential since this variable is positively correlated with the dry matter content and fresh matter production. Also, plant crops with a high dry matter production efficiency tend to reduce production costs, since the cost of the crop varies little and enhanced dry matter yields are desirable to dilute costs and increase crop yields, either for in natura supply, hay or silage production (CUNHA & LIMA, 2010) . The research results for fresh matter production and dry matter production demonstrate the high efficiency and adaptability of the studied sorghum genotypes to arid and semi-arid climates because, with a cycle of 80 days of cultivation and 114.7 mm rainfall, it would be difficult to produce the same amount of biomass or higher than in the present study. Figure 1 indicates that more than 58% of all rainfall was available for the crop in the first 5 days after planting, meaning it had to use adaptive mechanisms to suit the environmental conditions imposed.
Due to climatic variations in several parts of the globe, studying crops that adapt to water scarcity conditions is critical, since the availability of water for irrigation is likely to decrease in the future. The sorghum crop stands out due to its high efficiency in less demanding soil and water quantity when compared to other crops, mainly, maize (GETACHEW et al., 2016) . Sorghum cultivation is known to have adaptive characteristics in relation to being cultivated in arid and semi-arid environments. Like any vegetable, this crop is subjected to biotic and abiotic factors that can delay its development (MAGALHÃES & DURÃES, 2003) . The data obtained in the present study demonstrate that in low rainfall, sorghum shows high adaptability to difficulties in the cultivation environment. The crop could produce satisfactory amounts of biomass, representing an excellent alternative for years of atypical cultivation when the developments of other cultures can be made unfeasible. Sorghum has an efficient water absorption capacity due to its deep and subsurface roots, as well as being able to adjust its phenological cycle as a function of environmental conditions (SILVA et al., 2011) . For the efficiency of rainwater use and dry matter production ( The support capacity results demonstrate the high efficiency of biomass production by sorghum and that high support capacity, when compared to the other genotypes, is directly related to characteristics, such as an adequate dry matter content and a high dry matter production. Neves et al. (2015) mentioned several features are desirable to produce a promising sorghum genetic material. Among them, a good nutritional value, high digestibility and starch content, and a balanced stem-to-leaf ratio and relative panicle percentage can be highlighted. Harper et al. (2017) assessed the effects on milk production and composition in Holstein cows being fed with two alternative sources of forage (oat silage and sorghum silage instead of corn silage). The authors verified that the oat silage did not interfere (P>0.05) with the milk production and composition characteristics while sorghum silage caused decrease dry matter intake by the animals, but in compensation, increased the milk protein content. Sorghum silage is an alternative in the feeding of animals, in which, the feed must be adjusted to meet the nutritional requirements of the animals because otherwise, there will be a decrease in the productive performance (GETACHEW et al., 2016) . Due to the particular characteristics that the semi-arid region of the Brazilian northeast has, one of the main difficulties faced by the producers is the lack of food to feed the herds, where pastures do not develop, and the alternative would be to use a food source, whether in the in natura form, hay or silage. In the present study, sorghum is presented as an alternative food that can be used by farmers to feed the herds. According to the cultivation conditions, the sorghum genotypes evaluated demonstrated high adaptability to the conditions of the semi-arid environment, with satisfactory production under water stress. The genotype BRS 655 can be recommended for cultivation since it has desirable agronomic characteristics.
